THE oft-quoted expression of carrying coals to Newcastle has never been more aptly applied than in the presentation of this paper to this audience. The writings of Watson [1], Goligher [2] , and Gabriel [3] have stimulated us to pursue the subject of sexual dysfunction in the light of recent experiences with extended operations for cancers of the sigmoid colon and rectum.
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In surgery for carcinoma of the sigmoid colon, the operative technique described by Ault [4] is followed whenever possible. The inferior mesenteric artery is ligated close to its origin from the aorta. The lymphatic-bearing tissue covering the lower portion of the aorta, the common iliac arteries and the left common iliac vein is removed. The sympathetic nerve fibers related anatomically to the aorta and iliac vessels must be excised in order to accomplish a satisfactory en bloc excision of the carcinoma and all of the known lymphatic pathways of spread of the carcinoma. In those patients in whom surgery was done for cancer of the sigmoid colon and in whom the lateral rectal stalks were not removed, inability to ejaculate semen, or sterility, has been the rule. Prior to the time of adoption of the above technique of meticulous excision of the periaortic lymphatics and the incidental excision of the sympathetic nerves, sexual dysfunction was unusual subsequent to anterior resection and anastomosis for cancer of the sigmoid colon.
In the cases of cancer of the rectum for which a Miles [5] type of operation is carried out, the same technique is followed for ligation of the inferior mesenteric artery and removal of lymphatic-bearing tissues in the region of the great vessels. In addition, at the time of wide excision of the rectum, the lateral rectal stalks containing the middle hemorrhoidal vessels and many ramifications of the pelvic parasympathetic and sympathetic nerves are divided as far laterally as possible. The the dissection is carried out in close proximity to the prostate gland in males so that the prostatic plexus of veins is frequently disrupted. In this group of patients, the experience in this clinic confirms the findings of Jones [6] who stated that 95% of his patients undergoing the combined abdominoperineal excision of the rectum were unable to obtain an erection.
In evaluating the effectiveness of an operation for removal of a primary carcinoma of the rectum and the potential local and lymphatic extensions of the tumor. a review of the surgical anatomy and physiology of sexual function may be helpful. As was pointed out by Gilchrist [7] , "An operation cannot be called truly radical unless all of the tumor, all of the first chain of lymphatic drainage, and all of the alternate lymphatic drainage are removed in one piece. Such an operation cannot be performed on tumors found in some locations without removing vital structures or without causing severe morbidity and possibly mortality". It is the thesis of this presentation to review the surgical anatomy and physiology of the autonomic nerves in the pelvis to ascertain whether or not sexual dysfunction is a justifiable complication in attempting to perform an adequate cancer operation.
Surgical Anatomy of the Hypogastric Plexus and the Pelvic Nerves The hypogastric nerve plexus and the pelvic nerves and their ramifications were dissected in 2 cadavers and 10 fresh autopsy specimens. The anatomic configurations noted were in close conformity to those described by other investigators [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and in standard anatomy textbooks.
Several points on the anatomic relationships of these nerves and other pelvic structures should be emphasized.
The sympathetic fibers to the hypogastric plexus originate from the lower thoracic and upper lumbar segments of the spinal cord and enter the lumbar sympathetic trunk via the white rami communicantes. Functional continuity of the pre-ganglionic and post-ganglionic fibers occurs at the synapses within the lumbar sympathetic ganglia and ganglia occurring along the aortic plexus and hypogastric plexus. Nerve fibers from the lumbar sympathetic trunk form a network along the abdominal aorta. The aortic nerve plexus is continued below the bifurcation of the aorta as the hypogastric nerve plexus. The hypogastric plexus divides to form the right and left pelvic plexi (Fig. 1) .
The aortic nerve plexus is intimately related to the periaortic lymphatic structures which are a part of the chain of lymphatic metastases of Proceedings of the Royal Society of Medicine carcinoma of the sigmoid colon and rectum. As the hypogastric plexus descends over the bifurcation of the aorta, it enters the tissue plane of the middle sacral artery and the miedian common iliac lymph glands and the sacral lymph glands, also primary sites of metastases. Therefore, in any adequate radical lymph node dissection for carcinoma of the sigmoid colon or rectum, the aortic, hypogastric and pelvic nerve plexi should be included in the operative specimen. On the other hand, in proctectomy for benign disease, these nerve structures can and should be identified and should not be extirpated.
The two main divisions of the hypogastric plexus traverse inferolaterally on the wall of the pelvis as the pelvic plexi and fuse with the parasympathetic outflow or pelvic nerves (Fig. 2) . The pelvic nerves are branches of S2, 3 and 4 spinal nerves. Ramifications of this large group of pelvic nerve structures provide sympathetic and parasympathetic innervation to the rectum, urinary bladder, seminal vesicles, prostate and penis.
This point of fusion of principal nerve plexi is intimately related to the middle hemorrhoidal blood vessels and the lymphatics entering the internal iliac lymphatic vessels and nodes. Surgical exposure in this area is frequently poor and the middle hemorrhoidal vessels are often cut across without being first identified or ligated. Blind attempts to secure hemostasis with clamping or stick-tying seem more likely to produce nerve injury. In addition, it is difficult to perform an adequate lymph node dissection in this area due to the difficult exposure in the pelvis. Fortunately, as can be seen in Fig. 2 , the pelvic autonomic nerves are diffuse structures and not solitary nerve trunks. In some patients, portions of the autonomic nerves may reach the sexual organs via aberrant pathways. In addition, unilateral destruction of the pelvic plexus or pelvic nerves would apparently have little effect on function, judging from the basis of experimental data.
At the point of origin of the pelvic nerves and as they course anterolaterally on the wall of the pelvis, the pelvic nerves are covered with a condensation of connective tissue known as Waldeyer's fascia. Waldeyer's fascia varies in density and prominence in different individuals. Usually it can be seen to provide a fascial plane between the pelvic nerves and the presacral plexus of veins posterolaterally and medially and the pararectal tissue anteriorly. Dissection through this plane may result in injury to the pelvic nerves and severe bleeding from the presacral plexus of veins. Nevertheless, in lesions located posteriorly and penetrating deeply, dis-section through the plane of Waldeyer's fascia may be necessary to remove the primary tumor.
The nerves of the vesical plexus course anteriorly and inferiorly from the pelvic plexus in contiguity with the inferior vesical artery to enter the area of the trigone of the bladder. The seminal vesicles are innervated by branches of the vesical plexus. The prostatic nerve plexus arises from the pelvic plexus between the vesical and rectal plexi and courses through the prostatic capsule, intermingling with the prostatic plexus of veins. Extensions of the prostatic nerve plexus form the cavernous plexus and supply the nerves of erection to the penis.
When cutting through the rectovesical septum in the dissection of the rectum, purposeful or inadvertent extension of the plane of dissection into the prostatic capsule or prostate may result in injury to the autonomic nerve fibers. The nerves of erection are apparently particularly vulnerable to injury at this point as evidenced by the high incidence of impotence following perineal prostatectomy or open perineal biopsy of the prostate. Excision of the nervi erigentes in the area of the prostate gland may be more likely in cases with low anterior carcinoma of the rectum.
Physiology of Sexual Function
Very astute observations were made by Learmonth [18] during the performance of sympathectomies in man. He found that stimulation of the sympathetic nerves to the pelvis produced contraction of the seminal vesicles with expulsion of semen from the ejaculatory ducts and expulsion of prostatic secretion as a result of contraction of the smooth muscles in the prostate (Fig. 3 ). He concluded that in man, the efferent fibers for ejaculation are contained in the fibers of the first lumbar roots. Bacq [19] and Semans and Langworthy [20] have demonstrated in animal experiments that the control of ejaculation is mediated through the sympathetic nerves. Whitelow and Smithwick [21] found permanent loss of ejaculation in 6 or 54% of 11 patients with bilateral lumbar sympathectomy.
In 1863, Eckhard [22] produced erection of the penis by stimulation of the pelvic nerves in the dog. He called these nerves the nervi erigentes (Fig. 4) . Turgidity of the penis with stimulation of the pelvic nerves has since been demonstrated by others in many species including the Rhesus monkey [9] . Experiments by Henderson and Roepke [23] and Semans and Langworthy [20] gave evidence that erection is not due to compression of the efferent veins from the penis by skeletal muscle. Although the precise mechanism (3) the pelvic nerves near their origin at the lumbosacral plexus; (4) the nervi SACRAL erigentes as they pass through the prostatic PLEXUS nerve plexus intermingling with the prostatic venous plexus.
of erection is not understood, the factors involved are apparently those of increased blood flow to the penis as well as decreased egress of venous blood. Impotence has also been reported following thoracolumbar sympathectomy [21, 24] and lumbar sympathectomy [25] and in the syndrome of sympathetic dysfunction involving orthostatic hypotension, anhidrosis and impotence [26] . Although the physiologic evidence is wanting, Smithwick [24] ascribed the impotence following sympathectomy as due to the borrowing-lending phenomenon or shunting of blood flow from the pelvic structures to other denervated areas and viscera. DIscUSSION From the available data compiled by investigators in the fields ofanatomy and physiology one must accept the fact that sexual function in the male is dependent upon continuity of the sympathetic nerve fibers in the aortic, hypogastric and pelvic plexi, and the parasympathetic fibers emanating from the 2nd, 3rd and 4th spinal nerves. When the surgeon excises the rectum and colon for benign disease, it is possible in practically all cases to preserve normal sexual function. This has been demonstrated in many cases during recent years in excision of the rectum for ulcerative colitis.
Since 1954, the senior author has ligated the inferior mesenteric artery at or near its origin from the aorta whenever possible in doing surgery for cancer of the rectum and left colon. The lymphatic vessels and nodes have then been removed en bloc below this level. Even when the rectum was not removed, inability to ejaculate semen and sterility have been the rule. When combined abdominoperineal operation was performed, complete impotence has occurred in practically all cases. In a series of 150 males undergoing surgery for cancer of the rectum or sigmoid colon, there were 68 individuals under the age of 60. Of this group only 2 patients are able to enjoy normal sexual function. In speaking of sexual impotence, Jones [6] stated "I know of no way to prevent it if one is to do a radical operation for cancer". The authors feel that this statement is as true to-day as it was in 1942.
The question of whether sexual impotence following surgery for cancer of the rectum and sigmoid colon is a justifiable complication has been raised in some quarters. Some operations for cancer of the rectum have been described with an incidence of sexual dysfunction of between 10 and 15% [27, 28] . In describing the merits of these operations, it has been indicated that there has been no compromise in the removal of lymphatic-bearing tissues and that the procedures are as radical as the conventional Miles type of operation.
It is not the intention of the authors to espouse the cause of the radical or extended radical operations for cancer of the rectum and sigmoid colon, nor to take issue with those who feel that more conservative surgical procedures are entirely justified. It is the intent of this presentation, however, to indicate that surgical procedures designed to remove the greatest part of the lymphatics which drain the rectum and sigmoid colon must include the removal of the pathways of the sympathetic and parasympathetic nerves upon which normal sexual function is dependent (Fig. 5 ). Moreover, it is the feeling of the authors that the incidence of sexual dysfunction following operations for cancer of the rectum and sigmoid colon is a reliable index of the amount of lymphatic-bearing tissue which has been removed during the procedure.
